Pharmacogenomic perspectives on the management of mood disorders SUMMARY Psychiatric pharmacogenomics is a relatively young field of clinical practice, focused on the identification of genetic profiles determining varieties of metabolic patterns that, in turn, assist in the choice of appropriate medications and their corresponding doses. In psychiatry, the mood disorders area has been the most active in trying to advance knowledge and expertise in pharmacogenomics. The cytochrome P450 system (particularly 2D6 and 2C19 enzymes and their respective codifying genes) and, more recently, serotonin transporter and receptor gene tests are among the most utilised and promising. In spite of encouraging findings, however, there are still many questions related to preciseness, scope, ethnic variations, diagnostic implications,'non-biological' factors, and ethic considerations. The need of algorithms, follow-up studies, and assessment of financial impact, all listed here, require continuous and systematic research. It will not only add to the excitement of pharmacogenomics, but also to the creation of cogent evidence of its benefits.
Pharmacogenetics and pharmacogenomics
The extraordinary advances in neurobiological research throughout the past three or four decades reflect, primarily, the growth of basic sciences such as genetics and its impact on fields as different as biochemistry, neuroimaging or diagnosis. From the very complex tree of human genetics, rooted in the delineation of the human genome, 1,2 branches such as pharmacogenetics focused on the role of inheritance in the individual variations of response to xenobiotics, and pharmacogenomics or the study of idiosyncratic responses to pharmacological compounds or drug/body interactions of hereditary basis. Pharmacogenomics evaluates drug absorption, distribution and excretion, kinetic and dynamic processes of proven clinical utility. The developments in both areas offer invaluable promises, as well as significant challenges to the eventual improvement of the clinical treatment of all patients.
Psychiatric pharmacogenomics
Psychiatric pharmacogenomics is probably the youngest and also one of the most exciting subfields unfolding in the past decade. Its main appeal is the possibility of reaching a truly 'individualised' or 'personalised' pharmacological treatment, based on the identification of a genotype or genetic profile that, by outlining the metabolic process of individual compounds through specific enzymes, codified by specific genes, would determine the choice of the most specific kind, and most appropriate dose of medications for the diagnosed condition. 3 Prediction (and, therefore, prevention) of secondary effects is not a small added benefit. And it so happens that the clinical area where psychopharmacogenomics has had its most active and fertile grounds is that of mood disorders, particularly depression and all its clinical variations. 4 
Genotype testing
That genetic variations in drug metabolising enzymes are an important factor in the differential response to medications by individuals and groups of patients, is a well-known fact in clinical practice. Several medical specialties, particularly oncology, have well-established rules of use of pharmacogenomic tests for the prescription of various medications. The cytochrome P450 (CYP) system, particularly the 2D6 enzyme and its respective gene, became the first 'biological marker' in this process by the end of the past decade. 5, 6 Other enzymes in the same system (2C19 and 2C9) have been identified as, together, metabolising a vast majority of psychotropic medications, particularly antidepressants, from the old tricyclics to the newest selective serotonin reuptake inhibitors (SSRIs). Testing the 'target genes', their number and types of copies or alleles, results in the determination of poor or slow, intermediate, normal (or extensive) and rapid/ultrarapid metaboliser patterns (pharmacokinetic phenotypes) for individual patients. 7, 8 The US Food and Drug Administration has approved 2D6 and 2C19
Alarco¤ n Pharmacogenomic perspectives on the management of mood disorders genotype testing, opening the door for pharmacotherapy decisions that will, doubtlessly, improve clinical outcomes. More recently, serotonin transporter and receptor gene tests have been implemented, thus broadening the scope of pharmacogenomic applications. The short (s) and long (l) alleles of the serotonin transporter gene (5-HTTR) have different physiological consequences: the former is seemingly associated with poor response to some antidepressants and drug-triggered manic symptoms in individuals with bipolar disorder; the latter with a more favourable response to antidepressants and to lithium. In turn, the serotonin-2A receptor gene seems to also be associated with greater binding potential and better response to citalopram. 9 Still in the pipeline of new genes under study are tests for glutamate, glucocorticoid, and interleukin receptors with potential predictive value for clinical response, tolerance, and ethnic variations. 10 This brief review only touches the surface of a set of findings in a field that is flourishing at a frenetic pace. Its cultivators already speak of the 'pharmacogenomic revolution' and its sequel of 'true individualised treatment, true personalised medicine', pharmacotherapy based on a rational and scientifically based dictum. The picture is at times dazzling indeed, yet the claims sound reasonable and reachable despite their loudness. On the other hand, an equally reasonable question is whether the field is open, clean, objection-free, sound and totally predictable. The answer, at this point, may be a cautious 'No, not yet'. Some of the reasons (grouped in four areas) follow.
Laboratory studies
. Pharmacogenomic testing is not as precise as a mathematical formula. Clinicians using it on a more or less regular basis have observed divergent clinical responses to doses chosen on the basis of similar P450 or serotonin gene findings.The possible explanation is that metabolic processes and their outcomes are not only determined by genetic profiles or enzyme endowments; factors such as age, gender, diet, endocrine status, physical health and level of stress, play a complementary but decisive role.
11
. There are more enzymes (and their corresponding genes) than the number identified so far, besides the large number of polymorphisms (many of them still unidentified). 12 On the positive side, the so-called genome-wide associations currently allow the testing of more than 300 single-nucleotide polymorphisms per patient. Greater numbers from larger samples may detect more common susceptibility variants for psychiatric disorders and pharmacological responses.
13
. Some substrates can also operate as inhibitors of their metabolising enzymes; such competitive inhibition may depend on factors such as affinity, dose, or others similar to those mentioned above.Yet, in cases , the substrates may be 'non-competitive inhibitors'.
14 Clinical studies
. Follow-up studies are still scarce, samples may not be numerous as yet, even though individual reports abound and are a growing set. Comparisons with placebo users need to be made. . There are already known ethnic differences in genetic profiles: African and African-American populations as a group may have higher proportions of slow CYP2D6 metabolisers than White people; similarly, poor metabolisers predominate among Caribbean Hispanics when compared with Mexican Americans, both being subgroups of the Hispanic or Latino ethnic class.
11
. The diagnostic implications of pharmacogenomic approaches to treatment are still to be examined, for instance, negative links with level of stress, 12 and the impact of linkage disequilibrium. 15 Pharmacogenomics adds a new dimension to the conventional characterisation of clinical entities, particularly those of the mood or bipolar spectra. 16 Financial considerations
. The pharmaceutical industry's response to pharmacogenomic testing in psychiatry has been ambiguous at best; some minimise the usefulness of this type of information for fear that the market for their products will be segmented or reduced. . The medical economic benefits of testing are still being debated. Nevertheless, in the USA, insurance companies seem to be willing to cover the testing in cases of repeated failures to traditional pharmacological management, or in the presence of severe sideeffects with seemingly low doses of antidepressants.
Other factors 'Non-biological factors' such as expectations, adherence, placebo response, and clinician-patient relationship, some or all of them being culturally determined factors, continue to play an important role in shaping the strictly pharmacological response. 15, 16 Ethical considerations, crucial and strong in any genetics-based procedure or intervention, ought to be refined. 17 Issues such as full disclosure, confidentiality, research use, and the implications of testing vis-a' -vis insurance coverage, respect for human dignity, documentation, and overall clinical management in extreme cases (i.e. deleted or inactive polymorphisms) need to be clarified.
Conclusions
Despite these reservations, very few doubt that psychiatric pharmacogenomics is here to stay. The public health significance of mood disorders in general and depression in particular demands testing and other procedures aimed at optimising a rational, truly individualised management. Support of clinical research in this field will come if for no other reasons than pressures from a better informed public, and increased information and knowledge on the side of mental health and other health professionals.
There is already work in progress on the elaboration of more precise algorithms and dose adjustments. 18, 19 Alarco¤ n Pharmacogenomic perspectives on the management of mood disorders editorial Clinical indications will move from the current focus on slow and ultrarapid metabolisers to a more universal application of the tests to everybody, particularly patients with first episodes of depression. The creation of large data banks, family studies, adequate follow-up, and preventive interventions will assist in providing cogent, research-based evidence. These are, indeed, exciting times.
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